ABSTRACT -The objective of this was to evaluate the effect of chemical treatments with urea (3 or 5% DM) and anhydrous ammonia (3% DM) applied to the post-harvest hay residues of Brachiaria brizantha cv. Marandu that contained different moisture contents (15, 25 or 30%). A randomized block design was used with eight treatments and four replications (defined as the bale layers within the hay stacks). The hay treated with 3% anhydrous ammonia and 15% moisture content reduced the levels of neutral detergent fiber (NDF) from 84.3 to 79.1% and increased the in vitro digestibility of the dry matter (DM) from 37.3 to 55.5% compared to the control group. The variation in the moisture content did not significantly alter the action of ammonia, with mean values of 77.6% NDF and 57.3% in vitro digestibility of DM. The hay with 5% urea reduces the NDF content from 84.3 to 79.6% compared to the untreated hay, so the hay moisture content has to be increased to 30% to achieve a greater effect on the DM digestibility, which subsequently increases by 12 percentage units. 
Introduction
An alternative feeding regime that can be used to avoid fluctuations in meat and milk supply throughout the year is the feeding of available low cost food to ruminants during the dry season. The provision of low cost food could be achieved through the efficient use of fibrous materials as supplements to the feed, such as the residual straw from seed grass production. This residue is available specifically in the dry season and amounts to about 2.8 million t per year (Souza & Silveira, 2006) . Currently most of the residue is burned, generating a significant environmental impact. The roughages that result from straw residue are usually of low quality because they have a high cell wall content (values above 60%), high acid detergent fiber content (above 40%), low crude protein contents (below 6%) and low dry matter digestibility (approximately 40%), which results in low intake levels (Reis & Rodrigues, 1993) .
In order to improve the nutritional value of these roughages, treatments with oxidants or hydrolytic compounds, such as anhydrous ammonia (NH 3 ) and urea as a source of ammonia, can be used. Despite the lower cost and ease of acquisition of these chemical products, the use of urea as a source of ammonia has an efficiency limitation in terms of the amount of water wasted in the application process, which complicates its practical application (Reis et al. 2001) .
The application of urea as a source of ammonia for forage treatment has advantages over treatments with anhydrous ammonia in terms of availability, lower cost and easy use. However, it has as a major limitation in the difficulty in transforming it into ammonia (Sahnoume et al., 1991) .
Several studies on the treatment of feed roughages with urea, such as the study by Pires et al. (2006) , have indicated the importance of forage moisture content in the hydrolysis process. According to the review by Freitas et al. (2002) , the forage moisture content can be the main determinant of urea hydrolysis.
The objective of this study was to evaluate the effect of applying urea or anhydrous ammonia on the nutritive value of post-harvest hay residue from Brachiaria brizantha cv. Marandu with different moisture contents.
Materials and Methods
The experiment was carried out in the forage crop and pasture section of Jaboticabal FCAV/UNESP, Jaboticabal, São Paulo. The site is located at 21º 15' 22" S and 48º 18' 58" W and is 595 m above sea level.
According to the international Koppen classification, the climate is mesothermal, with dry winters, an annual average maximum temperature of 22.3ºC and an annual minimum temperature of 15.2°C. The rainfall average is 1,400 mm, with 85% of the rainfall concentrated from October to March.
The roughage used to create the hay used in this study originated from the Brachiaria brizantha cv. Marandu plant. The hay was produced using the remaining forage crop residues collected by the scanning method. The treatments in this study were combinations of urea (0, 3 or 5%) or ammonia (0 or 3% of the DM) that were applied at different hay moisture contents (15, 25, or 30%) .
According to the data presented by Sundstol & Coxworth (1984) , Sahnoune et al. (1991) and Joy et al. (1992) , the resultant roughage shows adequate characteristics for urease activity when the water content ranges from 25 to 30%. At lower moisture contents, the applied urea reaction is not sufficient to alter the forage chemical composition and digestibility.
The chemical treatment was applied to the hay bales that weighed 7 to 8 kg each. The bales were arranged in layers and each stack consisted of four layers of bales that were placed on plastic sheeting, totaling a DM weight of 300 kg. An additional plastic tarp was used to cover the stacks, so that they were stored in airtight conditions during the treatment period that lasted 30 days.
Urea (CH 4 N 2 0) was applied to the bales using a spray containing a concentration representing either 3.0 or 5.0% of the dry weight of the bale stacks. The urea was diluted with water to obtain the final roughage moisture content of 25 and 30%. The urea solution was distributed across the hay bales by watering the layers as the stack was being formed on top of the polyethylene tarp, following the recommendations of Dolberg (1991) and Joy et al. (1992) .
The anhydrous ammonia (NH 3 ) was then injected into the bales in each stack, in a quantity equal to 3.0% of the dry weight, as recommended by Sundstol & Coxworth (1984) .
The moisture content was adjusted by adding water, which was sprayed from a watering can in the amount calculated to raise the moisture content from 15% to 25 or 30%. The quantity of water was determined by considering the total weight of the stack and the DM content of the hay bales. The weight of the stack (DM) was divided by the desired DM content and then multiplied by the original dry matter to obtain the weight of the stacks after adding the water.
Stacks of untreated roughage were also produced and these control stacks remained under the same storage conditions as the urea and NH 3 treated roughage for the duration of the study.
The temperature of the stacks was measured daily over the 30 days of storage under the hermetically sealed conditions using a 50 cm Digital Electronic Stem Thermometer.
After the 30 day period, the bale stacks were opened and remained uncovered and in aeration for three days to remove the excess NH 3 that did not react with the roughage. To determine the chemical constituents of the samples, two aliquots were collected from each hay bale that were then homogenized, resulting in one compound sample from each layer within each of the stacks. The collected samples were frozen and ground to avoid ammonia nitrogen loss during the following drying process in an oven.
The chemical analysis of the roughage sample was conducted in the Forage Crop Laboratory of FCAV/ Unesp, on the Jaboticabal Campus. The methods of Silva & Queiroz (2002) were used to determine the contents of the dry matter (DM), crude protein (CP), neutral detergent The data were analyzed in a randomized block design with 8 treatments and 4 replications (the bale layers within the stacks), using the SAS statistical program (1999).
Results and Discussion
The alterations in the daily temperature of the observed bale stacks reflected the variations in the environmental temperature and were probably not affected by microorganism activity in the hay (Figure 1 ). In general, the ammoniation did not increase the temperature.
The untreated hay had the lowest pH values (Table 1 ) and did not differ from the hay that was treated with 3% urea at 30% moisture, or those treated with 5% urea. The highest values were observed in the hay bales treated with anhydrous ammonia, regardless of the moisture content, as well as those treated with urea that had a 25% moisture content. These hay samples, however, did not differ from the others treated with urea.
According to Berger et al. (1994) , this rise in pH is caused by the formation of a weak base, ammonium hydroxide (NH 4 OH), due to the affinity of NH 3 for the water contained in the forage. The increase in the forage pH should be sufficient to allow the breaking of the ester type bonds between the lignin and the structural carbohydrates (Mascarenhas-Ferreira et al., 1989) . NH 4 OH formation is important in the ammoniation process, as it increases the efficiency of this process through alkaline hydrolysis (Sundstol & Coxworth, 1984) . insoluble nitrogen (NDIN), acid detergent insoluble nitrogen (ADIN), neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin content. The hemicellulose (HEM) and cellulose (CEL) contents were calculated by taking the difference between the NDF and the ADF and the difference between the ADF and the lignin, respectively. The ammonia nitrogen contents (NH3-N) were determined according to the methodology by Fenner (1965) , modified by Vieira (1980) . The nitrogen fractioning was completed as described by the Cornell Net Carbohydrate and Protein System (CNCPS); in the following manner: fractions A, B1, B2, B3 and C were analyzed according to the methodology described by Licitra et al. (1996) . To obtain the carbohydrate fractions, according to the CNCPS system, the contents of total nitrogen of the samples (NT), ether extracts and ash were determined (AOAC, 1990) . The total carbohydrates were determined using the expression CT = 100 -(% CP +% EE +% MM) (Sniffen et al., 1992) and the non-structural carbohydrates (A + B1), using the following expression: CNE = 100 -(%CP+%EE+%FDNCP+MM), in which the FDNCP represented the cell wall corrected for the ash and the protein. The C fraction was obtained using the indigestible residue that remained after 144 hours incubation with rumen fluid (Berchielli et al., 2000) . The B2 fraction was analyzed as the difference between 100 and the NDF remaining after 144 hours of incubation. The dry matter (DM) in vitro digestibility was evaluated using the Tilley & Terry method that is reported by Silva & Queiroz (2002) . ET: environmental temperature; UTH: untreated hay; H3u: hay treated with 3% urea DM with 25% or 30% moisture (M); H5u: hay treated with 5% urea DM with 25% or 30% moisture; H3a: hay treated with 3% ammonia DM with 15, 25 or 30% moisture (M).
The untreated hay had a lower crude protein content (3.32%), regardless of the moisture content, but this difference was not significant for the hay treated with 3% urea (Table 1 ). The other hay samples (those with 5% urea and 3% ammonia) showed an increase from 7.43 to 13.9 percentage points in the crude protein content (CP) as compared to the control, regardless of moisture content. The treatment with 5% urea at 30% moisture that resulted in the highest CP value (17.22%) ; however, it did not differ from the treatment with 3% ammonia at 25 or 30% moisture. These data are consistent with those reported by Reis et al. (1991) , who evaluated the effect of ammoniation with anhydrous ammonia and obtained increases of 7.13, 8.5 and 10.5 percentage units of CP in the hay derived from Brachiaria brizantha cv. Marandu treated with 2, 4 and 6% anhydrous ammonia. Nevertheless, the values observed in this study were higher than those determined by Fernandes et al. (2002) , who obtained 9.7 and 12.2% CP in hay treated with 3% anhydrous ammonia and 5% urea, respectively.
The ammonia nitrogen contents (NH3-N) increased in the treated hay compared to the hay without an added nitrogen source (Table 1 ). The greatest NH3-N contents were observed in the hay treated with ammonia and stored at 25 and 30% moisture (0.73 and 0.74%, respectively). In the hay treated with urea, the increase was lower than in that treated with anhydrous ammonia. These differences may be related to the dependence on urease action for the conversion of urea to ammonia, since N-NH 3 is a result of this reaction. In the presence of the urease enzyme, urea is converted into ammonia, which, on contact with water, turns into ammonium hydroxide -a substance with 29 to 30% ammonia (NH 3 ). Consequently, the hay treated directly with ammonia has a higher N-NH 3 concentration (Sundstol & Coxworth, 1984) .
The acid detergent insoluble nitrogen (ADIN) contents were affected in the majority of the hay samples (Table 1) . The lowest ADIN value (0.14%) was obtained in the hay with no addition of chemical products, and there was no significant difference in hay treated with 5% urea and 25% moisture. The greatest values were observed in the hay treated with 3% ammonia and 25 and 30% moisture. Increase in the ADIN contents in the treated hay, according to Buettner et al. (1982) , may be due to the ammonolysis reaction, since the dosed nitrogen was retained in the acid detergent insoluble portion of the hay (cellulose and lignin).
The ammonolysis reaction can be defined as the principal reaction between ammonia and the ester linkages of the forage fibrous fraction that are found in the hemicellulose chains and structural carbohydrates groups or between molecules of structural carbohydrates and lignin. The result is the formation of amides (Reis & Rodrigues, 1993) .
The hay treated with 3% ammonia at 30% moisture showed the highest amount of neutral detergent insoluble (NDIN) (0.37%) but it did not differ from the hay treated with 3% ammonia and 25% moisture (0.35%) or 5% urea and 30% moisture (0.34%). The control hay and the other materials showed lower values of this fraction.
According to Fernandes et al. (2002) , both the values for the acid detergent insoluble nitrogen (ADIN) and neutral detergent insoluble nitrogen (NDIN) tend to increase with the addition of ammonia or urea. This response would be harmful to animals, as these fractions are not degraded or are very slowly degraded in the rumen. However, Fernandes et al. (2002) did not find a significant difference between the treatments in their experiment. The observed ADIN and NDIN values in the untreated Brachiaria decumbens hay in the present study were similar to those found by these authors, 0.28% and 0.34%, (Table 2 ) may more precisely characterize the components of a feed based on the protein content according to solubility and rumen degradation. Sniffen et al. (1992) suggested that nitrogen compounds were subfractionated in fractions A (soluble fraction, consisting of non-protein nitrogen -NPN), B1 (fraction rapidly degraded in the rumen), B2 (insoluble fraction, with an intermediate rate of degradation in the rumen), B3 (insoluble fraction slowly degraded in the rumen) and C (insoluble fraction in the rumen and indigestible in the gastrointestinal tract).
The contents of fraction A of total nitrogen, which represents the fraction of this nutrient that is found in the non-protein nitrogen form (Table 2) , were high in all the treatments with the added nitrogen (urea or ammonia) compared to the control hay. According to Berger et al. (1994) , the main form of nitrogen retention, via urea, in the process of ammoniation is the non-protein nitrogen, which is the soluble N fraction of the forage. The greatest value was found in treatments with 5% urea and 30% moisture (77.1%), but this change was not statistically different from treatments with 5% urea and 25% moisture (73.5%) and 3% ammonia and 30% moisture (73.6%). This response can be explained by the amount of additional nitrogen and moisture, because the greatest values were observed in these treatments, suggesting that the presence of greater moisture with a greater content of added non-protein nitrogen created conditions that were more conducive to the fixation of this fraction in the treated material. On the other hand, the treatments with lower added contents and lower moisture showed statistically lower values of the fraction A in their make-up.
The fraction B1 (Table 2) contents decreased in the treated hay (P<0.05) compared to the control, and between the treated hay there were no detected differences (P>0.05).
Fraction B2 had greater values in the control hay when compared to the other hays; however, these varied and the lowest value of this fraction was in the hay with 5% urea and 30% moisture (6.2%) compared to the hay with 3% urea and 30% moisture (14.3%).
It is noteworthy that the reduction in fractions B1 and B2 can be derived from the proportional effect of nitrogen inclusion , which appears in the form of non-protein nitrogen (fraction A), because these fractions represent the portion of true protein that is little affected by including external nitrogen sources in the form of urea or ammonia, as these sources are formed from non-protein nitrogen.
Fraction B3 (Table 2 ) was affected by urea addition regardless of the moisture. This effect was less marked in the hay that was treated with NH 3, with no significant difference (P>0.05). Normally, fraction B3 is reduced by urea application or ammonia, as these solutions provide hydrolysis of the cell wall fraction where fraction B3 is fixed. However, in this study only the addition of urea, regardless of the moisture content, was shown to be efficient in reducing this fraction compared with the other materials.
In fraction C, which represents the percentage of the total nitrogen that is insoluble, higher values were observed for the untreated hay compared to those treated with the addition of urea or ammonia. Contradictory effects are reported in the literature with respect to the effects of ammoniation on this parameter. Rosa et al. (1998) , Fernandes et al. (2002) and Reis et al. (2003) did not observe significant alterations in this fraction. To make a joint analysis between Tables 1 and  2 , relating the ADIN (Table 1 ) and the fraction C contents (Table 2) , it should be remembered that the quantity of the fixed insoluble nitrogen in the fiber fraction increases (ADIN), but due to the inclusion of the nitrogen contribution, especially in the soluble fraction (A), the fraction C value decreases, which can be considered a beneficial effect, since this is a fraction that is unavailable to ruminal degradation. Fractions A and B1 refer to the concentration of soluble sugars with rapid ruminal degradation and starch, fructosans, galactans, β-glucans and pectin, with intermediate degradation, respectively. It was observed that hay treated with 5% urea at a 30% moisture content presented a lower value in fractions A and B1 (7.6%), showing significant differences only with the control hay, the hay treated with 3% urea and 25 and 30% moisture, with values of 11.4, 12 and 11.3%, respectively (Table 3) . Thus, there were very low contents of these fractions in all the hay samples, and this was probably due to the absence of starch and the reduced amount of soluble sugars in the hay from Brachiaria brizantha cv. Marandu, treated or untreated.
The values of fraction B2 (Table 3) are more representative, and they were consistent with the studied materials. This value represents the fraction corresponding to the potentially digestible fiber -the polysaccharides that compose the cell wall, such as cellulose and hemicellulose. In the hay that had 3 and 5% urea added at 30% moisture content, the values of these fractions were 57.6% in both roughages, and were significantly higher when compared with the hay treated with 3% urea and 25% moisture (52.1%).
The fraction C values, which represent the indigestibility, did not differ significantly and showed no difference between the urea or ammonia treatments compared to the control hay.
In relation to the carbohydrate fiber content (Table 4) , the untreated hay showed the highest contents of neutral detergent fiber (NDF) (84.3%), but this was not statistically different from the hay treated with 3% urea, regardless of the moisture content. On the other hand, the hay samples that had the greatest reductions in the NDF content were those treated with anhydrous ammonia at 25 and 30% moisture, with values of 77.1% and 76.6%, respectively. Nevertheless, these did not differ from the hay treated with 5% urea, regardless of the moisture content, and those treated with 3% ammonia with 15% moisture.
In some studies (Reis et al., 1995 , Pereira et al., 1993 , one of the main modifications in the chemical composition of the fiber fraction of ammoniated roughage was the decrease in the neutral detergent fiber content. Fernandes et al. (2002) obtained a reduction of 4.47 percentage points with the addition of 3% ammonia to Brachiaria decumbens hay and explained these results as the solubilization of part of the hemicellulose. In our study, the greatest difference was obtained in the hay treatment with 3% ammonia and 30% moisture, which accounted for 15.1 percentage points in relation to the control hay. The hay with the addition of ammonia and the lowest moisture content, as well as the hay treated with 5% urea, showed more modest reductions of around 7 percentage points.
There were no observed significant differences between treatments for acid detergent fiber (ADF) ( Table 4) . In most studies reviewed regarding hay ammoniation, there were no changes in the ADF content (Reis & Rodrigues, 1994) , corroborating the results obtained in the present experiment.
The hemicellulose contents was statistically different among the treatments; however, the untreated hay did not differ from any of the treatments, as it presented intermediate values. According to Reis et al. (1990) , one of the main alterations in the chemical composition of the fiber fraction of the roughage that is treated with ammonia or urea is hemicellulose solubilization, resulting in decreased neutral detergent fiber content. However, in the present study, this reduction was not significant, nevertheless, the expected result of a reduction in neutral detergent fiber occurred. These results may be associated (Table 4 ). In the literature, there is a great contradiction in the results of ammoniation on lignin content. Some authors have demonstrated a decrease in the content (Queiroz et al., 1992) . Rosa et al. (1998) observed a 24.6% decrease in the lignin content in response to adding urea to the hay. According to Van Soest (1994) , lignin solubilization may occur with a sharp increase in pH but without affecting the cellulose content.
The hay that showed lower lignin contents compared to the control hay (13.1%) were those with 3% ammonia with 25% and 30% moisture and the treatment with 3% urea with 30% moisture, which were 10.9, 10.8 and 11%, respectively.
The highest values of the dry matter in vitro digestibility (IVDDM) were observed in the hay with 3% NH 3, 25% and 30% moisture, and did not differ from the treatment with the same dose of NH 3 with 15% moisture (P> 0.05). In relation to the hay treated with urea, statistical similarity was only seen in the hay that had a lower IVDDM compared to those treated with NH 3 (55.5%) -this was the hay that had 5% urea and 30% moisture (49.4%). The other hay treated with urea did not differ (P>0.05) from the control hay (Table 4) .
The digestibility contents can be significantly increased as a result of the ammoniation process through the interference of the reductions in neutral detergent fiber, lignin and an increase in CP contents. According to Fernandes et al (2002) , the observed increase in digestibility was probably due to changes in the chemical composition of the fiber fraction, with a decrease in the neutral detergent fiber content that provided a greater amount of readily digestible carbohydrates to the rumen microorganisms. Associated with these modifications, the increase in available nitrogen gave better conditions for ruminal bacteria development that also increased the forage digestibility.
These authors obtained an increase of 12.1 and 6.6 percentage points in the dry matter in vitro digestibility values of hay treated with ammonia and urea, respectively. In this experiment, an increase of 20.7 percentage points was observed between the control hay and the hay treated with 3% ammonia at 30% moisture content, with a more moderate increase in treatments with urea of about 5 percentage points.
It can be confirmed that the treatment of hay with anhydrous ammonia reduced the amount of neutral detergent fiber and promote a significant increase in the digestibility compared to the control group, but the variation in moisture content did not significantly alter the action of ammonia. Regarding the treatment with urea, the 5% dose was the only one that resulted in differences in the neutral detergent fiber compared to the untreated hay, but to have an effect on digestibility, it was necessary to increase the moisture content to 30%. 
Conclusions
Ammonia can be applied with the original moisture content of the hay and urea should be used at a dose of 5% on the dry matter with 30% moisture.
